Fructophily is a rare trait that consists in the preference for fructose over other carbon sources. 24
Introduction 36
Comparative genomics is a powerful tool for discovering links between phenotypes and 37 genotypes within an evolutionary framework. While extraordinary progress in this respect has 38 been observed in all domains of life, analyses of the rapidly increasing number of fungal 39 genomes available has been particularly useful to highlight important aspects of eukaryotic 40 4 behavior was completely abolished in the ffz1∆ mutant (Figure 1) , similarly to what was found 115 in Z. rouxii (Leandro et al., 2014) . A slight increase in the glucose consumption rate was also 116 observed for the ffz1∆ mutant compared to the Wild Type (WT) when cultures were grown in 117 20FG medium (Figure 1) . 118 119
Comparative genomics of sugar metabolism in W/S clade yeasts 120
The presence of the FFZ1 gene was so far the only genetic trait identified to be common to all 121 W/S-clade species investigated that distinguished this clade from its neighboring species in the 122 Saccharomycotina phylogeny (Goncalves et al., 2016) . In order to search for other possible 123 signs of the adaptation of sugar metabolism in W/S-clade genomes, a tBLASTx search using 124 species, PDC1 (encoding pyruvate decarboxylase) and ADH1 (encoding the main alcohol 137 dehydrogenase), had a lower sequence identity to S. cerevisiae homologs than anticipated 138 (~40% in both cases, E-value >e -80 ). This is particularly evident in the comparison with the 139 tBLASTx results obtained for the species most closely related to the W/S clade, Su. 140 lignohabitans and B. adeninivorans, for which identity of Adh1 and Pdc1 to S. cerevisiae 141 homologs is around 60-70% (E-value < e -130 ). A similar result (i.e. at odds with the expected 142 level of similarity) was obtained for the gene encoding invertase (SUC2), which is essential for 143 sucrose assimilation in S. cerevisiae (Carlson, Osmond, & Botstein, 1981 ; Gascon, Neumann, & 144 Lampen, 1968) . 145
To better understand the results observed for the ADH1, PDC1, and SUC2 genes present in W/S 146 clade genomes, a subsequent BLASTp search against the National Center for Biotechnology 147 Information (NCBI) non-redundant database was performed using the respective W/S-clade best 148 hits for each of the three genes. While W/S clade Adh1 and Suc2 proteins showed higher 149 identity to bacterial proteins (~60%) than to yeast homologs (~45%), the Pdc1-like sequence 150 showed high sequence identity to those of closely related decarboxylases from the Aro10 family 151 5 (best NCBI hits were Aro10-like proteins from Su. lignohabitans and Geotrichum candidum). In 152 S. cerevisiae, ARO10 encodes a decarboxylase that is not involved in alcoholic fermentation. 153 Surprisingly, two additional Pdc1 hits were obtained for the C. versatilis proteome (Figure 2 -154 source data 1). A subsequent BLASTp search against the NCBI database, confirmed that these 155 two sequences have higher identity to bacterial pyruvate decarboxylases (~44%) than to 156
Saccharomycotina homologs (~35%). To clarify the origin of the Pdc1-like proteins found in 157 W/S genomes, a Maximum Likelihood (ML) phylogeny was constructed using the top 500 158 NCBI BLASTp hits using S. cerevisiae Pdc1 (CAA97573.1), St. bombicola Pdc1/Aro10-like 159 and C. versatilis Pdc1-like sequences from apparent bacterial origin as queries. Pdc1/Aro10-like 160 sequences from the other W/S-clade species not available at the NCBI database were also 161 included. This phylogeny (Figure 2A ) confirmed clustering of the W/S-clade Aro10-like 162 sequences with other Aro10 proteins from fungi, which implies that PDC1 was lost in the W/S 163 clade. Additionally, as suggested by the BLASTp results, the two Pdc1-like proteins from C. 164 versatilis were clustered with bacterial pyruvate decarboxylases ( Figure 2C ). 165 166 167
Identification of genes of bacterial origin in the W/S clade 168
The tBLASTx analyses uncovered genes relevant for sugar metabolism in the genomes of W/S 169 clade yeasts that were possibly horizontally transferred from bacteria (ADH1, PDC1, and 170 SUC2). To identify other genes that fell outside this narrow scope, a systematic high-throughput 171 analytical pipeline based on the Alien Index (AI) score (Alexander et al., 2016; Gladyshev, 172 Meselson, & Arkhipova, 2008) was employed for HGT-detection. In this analysis, we included 173 six W/S-clade species and one additional species, Candida infanticola (Kurtzman, 2007) , that is 174 phylogenetically positioned as an outgroup of the W/S clade (Figure 2-figure supplement 1), 175 lacks the Ffz1 transporter, and does not inhabit sugar-rich habitats. After implementation of 176 both AI (AI > 0.1) and alignment thresholds, 52 ortholog groups were found with 177 representatives in two or more W/S-clade genomes. As expected, ADH1 and SUC2 were present 178 in this group (Figure 3-source data 1). PDC1 was not detected using these thresholds because 179 only ortholog groups of bacterial origin detected in at least two W/S-clade species were 180 selected, and bacterial Pdc1 proteins were only identified in C. versatilis. 181
To check for putative enrichment in particular protein functions among transferred genes, the 182 52 candidates were cross-referenced with Kyoto Encyclopedia of Genes and Genomes (KEGG), 183
Gene Ontology (GO), and InterPro annotations. Notably, out of 43 proteins to which a GO 184 molecular function was assigned, 16 impacted redox homeostasis and were associated with 185 oxidoreductase activity (GO:0016491 and GO:0016616, 14 genes) and peroxidase activity 186 (GO:004601, two genes), while a BLAST KOALA annotation (Kanehisa, Sato, & Morishima, 187 2016) indicated that the biological processes most frequently involved were amino acid 188 9 hypothesis, we did not detect NADP + dependent glycerol dehydrogenase activity in cell-free 298 extracts (Figure 5-figure supplement 1D), and in at least one W/S-clade species, this reaction 299 was shown to be NADH-dependent (Van Bogaert, De Maeseneire, Develter, Soetaert, & 300 Vandamme, 2008). In contrast, mannitol production, which is a NADP + regenerating reaction 301 (Lee, Koo, Kim, & Hyun, 2003) , was significantly decreased in the adh1∆ mutant ( Figure 5A ). 302
The deletion of each of the two ADH6 paralogous genes (adh6a∆ and adh6b∆ mutants) did not 303 significantly affect ethanol production ( Figure 5A ) or consumption. This means that, although 304 some of the enzymes encoded by these genes might be involved in the production of ethanol in 305 the absence of Adh1, when Adh1 is functional, they are not essential for ethanol metabolism 306 and are probably mainly involved in other metabolic reactions. Finally, to ascertain how 307 perturbations in alcoholic fermentation might affect the relative preference of St. bombicola for 308 fructose over glucose, we monitored the consumption of both sugars in aerated cultures over 309 time in the adh1∆, adh6a∆ and adh6b∆ mutants. There was a significant decrease in sugar 310 consumption rates in the adh1∆ mutant ( Figure 5B ), but fructophily was still observed in all 311 mutants, which leads to the conclusion that the xenolog alcohol dehydrogenases do not affect 312 sugar preference in this species. 313 314 315 Horizontally transferred SUC2 is essential for sucrose assimilation in St. bombicola 316 SUC2 encodes the enzyme invertase and is an essential gene for sucrose assimilation in yeasts 317 (Carlson et al., 1981) . Invertase (Suc2) extracellularly hydrolyzes this disaccharide into fructose 318 and glucose. In S. cerevisiae, the MAL and the IMA genes have also been shown to play a role in 319 sucrose hydrolysis (Deng et al., 2014; Voordeckers et al., 2012) , but these genes are absent in 320 the genomes of W/S-clade species, meaning that the horizontally transferred invertase appeared 321 to be the only enzyme with sucrose-hydrolyzing capacity encoded in the W/S-clade genomes 322 investigated. In a phylogenetic tree reconstructed using the 200 top phmmer hits to 2301-5490-323
Candida magnoliae (one of the W/S-clade species investigated), strong support for clustering of 324 W/S-clade sequences to Acetobacteraceae SacC sequences was observed ( Figure 6A The phylogeny shown in Figure 6A is in line with SacC being the Suc2 homolog in bacteria, 328 which is also corroborated by the fact that it is known to hydrolyze sucrose, as well as other β-329 fructans (Martel et al., 2011; Wanker, Huber, & Schwab, 1995) . Notably, the same group of 330 Acetobacteraceae species clustered with W/S-clade species in the Adh1 phylogeny ( Figure 3B  331 and Figure 6B ), suggesting that both genes may have been acquired in a single HGT event 332 ( Figure 7) . We also noted that the closest relative of the W/S clade, C. infanticola, lacks a SUC2 333
gene. 334
To ascertain whether the horizontally acquired invertase gene is responsible for sucrose 335 assimilation in the W/S clade, a sacC deletion mutant (referred henceforth to as suc2∆) was 336 constructed in St. bombicola. Growth assays in medium supplemented with sucrose as sole 337 carbon and energy source, showed that the two suc2∆ strains were unable to grow ( Figure 6 -338 figure supplement 1A), while the WT strain attained high cell densities. Furthermore, the suc2∆ 339 mutant failed to consume measurable amounts of sucrose, even after 72 hours ( Figure 6-figure  340 supplement 1A). Interestingly, when the WT strain grew on sucrose, the decrease in sucrose 341 concentrations was accompanied by the appearance of fructose and glucose in the growth 342 medium, strongly suggesting that the horizontally transferred SUC2 gene encodes an the production of glycerol instead of ethanol (Englezos et al., 2015) . Candida magnoliae has 357 been reported to be capable of producing large amounts of erythritol (Ryu, Park, Park, Kim, & 358 Seo, 2000) . More recently, we reported that fructophily was an important common trait that 359 unified these species and all others belonging to the W/S clade, and we also consubstantiated a 360 strict correlation between the presence of the transporter Ffz1 and fructophily. Here we show 361 that presence of the Ffz1 transporter is a pre-requisite for fructophily in St. bombicola, as 362 previously observed in the Z. rouxii (Leandro et al., 2014) . The stronger emphasis on the 363 production of sugar alcohols as byproducts of metabolism at the expense of ethanol seemed to 364 be also a common trait between the species examined (Lee, Song, & Kim, 2003; Ryu et al., 365 2000) and led us to hypothesize that the preference of these yeasts for fructose was likely to be 366 part of a broader remodeling of metabolism connected to the adaptation to the high sugar 367 environments in which these yeasts thrive. The present work reflects our effort to uncover other 368 aspects of this adaptation using comparative genomics as a starting point. 369
Our examination of genes acquired from bacteria showed that the number of HGT events from 370 bacteria into the W/S clade and its neighbor lineage (represented by the species C. infanticola), 371 far exceeded the number of events reported for other Saccharomycotina lineages (Marcet-372
Houben & Gabaldon, 2010). The largest number of HGT events was detected in the earliest-373 derived species in the W/S clade, C. versatilis, which together with the phylogenetic signal in 374 the genes that were acquired through HGT, suggests that a large surge of acquisitions probably 375 occurred in the MRCA of the clade (Figure 7 ). Under this model, most extant lineages 376 subsequently discarded a larger portion of the xenologs originally present in the common 377
ancestor. We noted that the set of xenologs present in at least two extant W/S-clade species is 378 enriched for genes encoding proteins that affect redox balance in the cell. In fact, changes in 379 fluxes through main metabolic pathways were previously shown to impact redox balance and 380 oxidative stress in yeasts (González-Siso, García-Leiro, Tarrío, & Cerdán, 2009), which is 381 consistent with our hypothesis that associates the acquisition of bacterial genes with adaptive 382 changes in metabolism. It seems possible that, in addition to HGT events common only to W/S-383 clade species, additional HGT events also took place in the MRCA of C. infanticola and the 384 W/S clade because at least five from the 37 genes of apparent bacterial origin in C. infanticola 385 also have bacterial origin in the W/S clade. While the bacterial donor lineage seems to be quite 386 different between C. infanticola and the W/S clade for one gene (ADH1), strongly suggesting 387 that they were acquired in separate events, the other four genes seem to have originated from the 388 same donor lineage, possibly pointing to a single event. The remaining HGT-derived genes (32) 389 seem to be specific to C. infanticola. 390
The most striking finding concerning the function of the transferred genes is the profound 391 remodeling of the ubiquitous alcoholic fermentation pathway, which is used by yeasts to 392 convert pyruvate into ethanol with concomitant regeneration of NAD + . The first step of the 393 pathway, the conversion of pyruvate into acetaldehyde, is normally catalyzed by the enzyme 394
Pdc1, but in most W/S-clade yeasts, it is apparently conducted solely by a related decarboxylase 395 encoded in S. cerevisiae by the ARO10 gene. In S. cerevisiae, phenylpyruvate is the primary 396 substrate of Aro10, which links this enzyme to amino acid metabolism, rather than alcoholic 397 fermentation (Romagnoli, Luttik, Kotter, Pronk, & Daran, 2012; Vuralhan et al., 2005) . 398
Interestingly, the earliest-derived W/S-clade species among those examined, C. versatilis, also 399 lacks a yeast-like PDC1 gene but possesses two genes of bacterial origin encoding PDC1 400 orthologs, which coexist with ARO10. In this species, it is possible that the xenologs, and not 401 ARO10, carry out the conversion of pyruvate into acetaldehyde. 402
The second step in alcoholic fermentation is the conversion of acetaldehyde into ethanol, which 403 is conducted in S. cerevisiae mainly by Adh1. Again, "yeast-like" ADH1 genes were absent 404 from all W/S-clade genomes examined, and it seems that the MRCA of the W/S clade acquired 405 a bacterial ADH1 gene, from which extant ADH1 xenologs found in all extant W/S-clade 12 species examined were derived. A similar occurrence was detected involving the loss of the 407 "yeast-like" ADH6 ortholog, encoding a NADPH-dependent branched chain alcohol 408 dehydrogenase and the acquisition of bacterial orthologs, although the bacterial donor lineages 409 of the ADH1 and ADH6 xenologs seem to be distinct. We showed that, in St. bombicola, the 410 ADH1 xenolog is absolutely required for growth on ethanol and is also mainly responsible for 411 alcoholic fermentation, thereby performing the functions typically fulfilled by two different 412 enzymes in S. cerevisiae (where ADH2 catalyzes ethanol assimilation). The two ADH6 413 xenologs played a minor role, if any, in alcoholic fermentation. Interestingly, fructophilic 414 bacteria have also undergone a remodeling of their alcohol dehydrogenases, but as far as we 415 could ascertain, in the fructophilic yeast St. bombicola, there was no link between fructophily 416 and the presence of ADH xenologs, since fructophily was unaffected in the alcohol 417 dehydrogenase mutants. It remains to be investigated if the preference for fructose over glucose 418 in yeasts is linked to a possible role of fructose as an electron acceptor, like in fructophilic 419
bacteria. 420
The events leading to the observed profound remodeling of the alcoholic fermentation pathway 421 in W/S-clade yeasts are impossible to retrace with certainty because of their antiquity. However, 422
we may outline at least two distinct plausible hypotheses. One possibility might be that the 423 genes required for alcoholic fermentation, ADH1 and PDC1, as well as ADH6, were lost in an 424 is the earliest-derived species in the W/S clade, is a notable exception that possesses two PDC1 438 xenologs in addition to ARO10. One argument against the loss scenario might be that no extant 439 yeast species has yet been found devoid of at least one ADH1 ortholog, irrespective of its origin. 440
In fact, even the model yeast Y. lipolytica, which does not produce ethanol, possesses alcohol 441 dehydrogenases of the ADH1-type that are involved in ethanol assimilation (Gatter et al., 2016) . 442 Therefore, we must assume that,if a yeast lineage devoid of ADH1 ever existed, it has either 443 become extinct or it has not been sampled yet. 444
An alternative scenario would be that the bacterial genes were acquired by lineages that still had 445 the "yeast-like" versions of the ADH1, ADH6, and PDC1 genes because they brought along new 446 adaptive traits. This scenario, in which the "yeast-like" versions of the genes would have been 447 lost after acquisition of the bacterial version, does not call for the existence, extant or in the past, 448 of yeast lineages devoid of alcohol dehydrogenases. However, it relies on the ability of the 449 bacterial genes to improve fitness of the recipient lineage, presumably the MRCA of the W/S 450 clade, possibly as it adjusted to a new environment. Our assessment of the performance of the 451 Adh1 enzymes in W/S-clade species showed that they provide a potentially advantageous 452 characteristic when compared to their yeast counterparts, since they are capable of regenerating 453 both NAD + and NADP + , while the yeast enzymes accept only NADH as a cofactor. However, at 454 least in St. bombicola, elimination of Adh1 was compensated by an increase in glycerol 455 formation, which is a NAD + regenerating reaction, and not of mannitol formation, which 456 regenerates NADP + . These results suggest that the role of Adh1 in St. bombicola is mainly 457 related to NAD + /NADH homeostasis, as has been observed in the corresponding S. cerevisiae 458 mutant. This interpretation is consistent with the lower K m for the substrate observed when 459 NADH was used as a cofactor. However, it is possible that this observation in St. bombicola 460 does not reflect the situation in the ancient recipient lineage in which the acquisition of the 461 bacterial genes took place, and that the ability to regenerate both oxidized cofactors was indeed 462 pivotal in the process, which may also hold true for the scenario in which loss preceded 463 acquisition of the bacterial xenologs. Therefore, the presence of xenologs involved in alcoholic 464 fermentation in extant W/S-clade yeasts can be explained by the need to restore alcoholic 465 fermentation in a lineage that had previously lost it, in which case the involvement of bacterial 466 genes may have been circumstantial and a consequence of the availability of the donor in the 467 same environment. Loss and subsequent reacquisition of a metabolic pathway through multiple 468
HGT events was reported for the unicellular red algae Galdieria phlegrea where massive gene 469 loss occurred concomitantly with adaptation to a specialized niche in the common ancestor of 470
Cyanidiophytina red algae (Qiu et al., 2013) . Taking all data into account, we posit that a similar 471 scenario in which ADH and PDC1 gene loss precedes acquisition (Figure 7) is most consistent 472 with the evidence we gathered. However, it cannot be excluded that bacterial genes may have 473 been selected because they encode enzymes that possess distinct catalytic properties when 474 compared with their yeast counterparts, although we did not find direct evidence for that in the 475 extant species examined. 476 SUC2 is among the genes acquired specifically by the MRCA of the W/S clade. Unlike the 477 "yeast-like" version of ADH1, which is ubiquitous in the Saccharomycotina, except in the W/S 478 clade, evolution of "yeast-like" SUC2 seems to be punctuated by multiple loss events resulting 479 14 in a patchy extant distribution (Carlson, Celenza, & Eng, 1985) , which is probably linked to its 480 role as a "social" gene (Sanchez & Gore, 2013) . The acquisition of the invertase gene from 481 bacteria (the same donor lineage as ADH1) is consistent with the idea that a major remodeling 482 of sugar metabolism took place in the MRCA of the W/S clade, as it adapted to the sugar-rich 483 floral niche. Intriguingly, the SUC2 phylogeny suggests that fungal invertases may be derived 484 from a common ancestor, itself of bacterial origin ( Figure 6A) . 485
In summary, our results uncovered to our knowledge for the first time, an instance of major 486 remodeling of central carbon metabolism in fungi involving the acquisition of a multitude of 487 bacterial genes, among which an alcohol dehydrogenase with novel catalytic properties. Taken retrieved from the analysis were subsequently blasted against the NCBI non-redundant protein 508 database, and orthology was assumed whenever the best hit in S. cerevisiae was the 509 corresponding protein in the query. sorted the phmmer results based on the normalized bitscore (nbs), where nbs was calculated as 536 the bitscore of the single best-scoring domain in the hit sequence divided by the best bitscore 537 possible for the query sequence (i.e., the bitscore of the query aligned to itself). The top ≤ 538 10,000 hits were retained for further analysis, saving no more than five sequences per unique 539 NCBI Taxonomy ID. 540
The alien index score (AI) was calculated for each query protein (modified from Gladyshev et 541 al. 2008) (Gladyshev et al., 2008) . Two taxonomic lineages were first specified: the RECIPIENT 542 into which possible HGT events may have occurred (Saccharomycetales, NCBI Taxonomy ID 543 4892), and a larger ancestral GROUP of related taxa (Fungi, NCBI Taxonomy ID 4751). The AI 544 is given by the formula: AI = ( − ), where nbsO is the normalized bitscore of the 545 best hit to a species outside of the GROUP lineage, nbsG is the normalized bitscore of the best 546 hit to a species within the GROUP lineage (skipping all hits to the RECIPIENT lineage). AI can 547 range from 1 to -1. AI is greater than zero if the gene has a better hit to a species outside of the 548 group lineage and can be suggestive of either HGT or contamination. 549
Phylogenetic trees were constructed for all HGT candidates with AI > 0.1. Full-length proteins 550 corresponding to the top 200 hits (E-value < 1 × 10 -10 ) to each query sequence were extracted 551 from the local database using esl-sfetch (Eddy, 2009 ). Sequences were aligned with MAFFT 552 v7.310 using the E-INS-i strategy and the BLOSUM30 amino acid scoring matrix (Katoh & 553 Standley, 2013) and trimmed with trimAL v1.4.rev15 using its gappyout strategy (Capella- 
Detection of enzymatic activities in cell-free extracts 609
Cultures were grown overnight in YPD medium until late exponential phase (OD 640nm 610 ~15-25). Cells were then collected by centrifugation (3,000 x g for 5 minutes), washed twice 611 with cold Tris-HCL buffer (pH=7.6), and disrupted with glass beads in 500 µL of Lysis Buffer 612 (0.1 M triethanolamine hydrochloride, 2 mM MgCl 2 , 1 mM DTT and 1 µM PMSF) with six 613 cycles of 60 seconds vortex-ice. Cell debris were removed by centrifugation at 4ºC, 16000 x g 614 for 20 minutes and the extracts were stored at -20ºC. Alcohol dehydrogenase activity (Adh) 615 assays were performed at 25ºC in 500 µL reaction mixtures containing 50 mM Potassium 616
Phosphate buffer (pH=7.5), 1 mM of NADH or NADPH, and 25 µL of cell-free extract. The 617 reaction was started by adding acetaldehyde to a final concentration of 100 mM, and reduction 618 of NADH and NADPH was monitored spectrophotometrically by the decrease in absorbance at 619 18 340 nm for two minutes. For St. bombicola PYCC 5882, 5 mM, 12.5 mM, 50 mM, and 100 mM 620 as final concentrations of acetaldehyde were also used. The absence of Adh activity in the 621 adh1∆ mutant was also confirmed with protein extract of adh1∆ cells grown in 20FG medium 622 (conditions where ethanol was detected by HPLC in the mutant, Figure 5A ), using up to three 623 times more protein extract. 624
For the detection of NADP + dependent glycerol dehydrogenase activity (Klein, Swinnen, 625 Thevelein, & Nevoigt, 2017) in St. bombicola, cultures and cell-free extracts were obtained as 626 above. Glycerol dehydrogenase activity was measured in a reaction mixture containing 50 mM 627
Tris-HCl (pH=8.5) buffer, 1 mm NADP + and 25 µL of cell-free extract. The reaction was started 628 by adding glycerol to a final concentration of 100 mM of, and NADPH formation was 629 monitored spectrophotometrically for two minutes. 630 631
Construction of St. bombicola deletion mutants 632
Standard molecular biology techniques were performed essentially as described in 633 
Sugar assimilation, consumption, and metabolite production assessments 663
For metabolite and sugar consumption profiling, 10-mL cultures of St. bombicola (WT 664 and mutants) were grown overnight at 30ºC with orbital shacking (180 rpm) in YP medium 665 supplemented with different concentrations of fructose and glucose. The overnight culture was 666 used to inoculate a fresh culture in 30 mL of the same medium to an OD 640nm of 0.2, which was 667 incubated under the same conditions. Growth was monitored until late stationary phase was 668 reached (typically after 150 hours), and 2-mL samples were taken at several time points, 669 centrifuged at 12000g for 5 min, and analyzed by HPLC, as previously described (Goncalves et 670 al., 2016 ). Statistical significance was tested using a two-tailed student´s t-test, implemented in 671
GraphPad Prism v5. Growth on sucrose and on ethanol was assessed in wild type and mutants 672 (adh1Δ, adh6aΔ, adh6bΔ) . A) Ethanol, glycerol, and mannitol yields determined after 1000 72 hours of growth. B) Percentage of sugar (fructose and glucose) consumed after 72 hours of growth.
1001
Error bars represent standard deviation of assays performed in duplicate in two biological replicates. All 1002 strains were grown in YP supplemented with 10% (w/v) fructose and 10 % (w/v) glucose at 30ºC with 1003 aeration. Statistically significant differences (student's t-test, two-tailed) between WT and deletion mutants for sugar consumption and metabolite production are shown (** P-value < 0.01; *** P-value < 1005 0.005). (adh1Δ, adh6aΔ, adh6bΔ) . A) Ethanol, glycerol, and mannitol yields determined after 72 hours of growth. B) Percentage of sugar (fructose and glucose) consumed after 72 hours of growth. Error bars represent standard deviation of assays performed in duplicate in two biological replicates. All strains were grown in YP supplemented with 10% (w/v) fructose and 10 % (w/v) glucose at 30ºC with aeration. Statistically significant differences (student's t-test, two-tailed) between WT and deletion mutants for sugar consumption and metabolite production are shown (** P-value < 0.01; *** P-value < 0.005). Figure 5 -source data 1. Data used to construct the plots as well as all P-values Figure 5 -source data 2. Primers and strategies used to construct the deletion mutants PDC1, presence, absence, and the native or bacterial origin of the orthologs found in the cognate draft genomes are shown for each species next to the respective branch of the tree. Each gene is represented by circles with different line colors (green for previously studied FFZ1 (Goncalves et al., 2016), orange for ADH1, red for ADH6, yellow for PDC1 and purple for SUC2). For xenologs, the different predicted bacterial donor lineages are denoted by different fill colors as indicated in the key. For W/S-clade species, the number of paralogs found in the cognate draft genome is also shown. Inferred gene losses (cross) and HGTs events (arrows) are indicated in the tree using the same notation for each orthologous group.
